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So 

3^>X*«® 1 ©Sipfit J; < tlK:*:-??** t^Ji S 

3 1 «rffiS«SJt-fe >-y-ttS(riE-ir >-9-*«£*ai 

m vxmmmm^ :t>mmm^^m\±itii: u * t - 

r ^. if 3 iciB«©^Mit^ms®. 

JcfeS^3wS*MJ;D;»c€<, MfB^lw** 
lllg^*«flH4ttS8{c ft S t ^ \zW^m^'fs 5 , 1 

S5E)c5^*«a»bfc«ffii&MIB-ir>-y-*#fcB«niL, tfrIB 

^mit±>^<Dtiitimm(o^m^^^m^-r^:itizj: 

« 7 *T®ViTnA> 1 3BftiB«©Sm4feHi^e. 



[0 0 0 1] 

■t>i}-^m\'^ft^mimmmmizKi^. j:K>mmizit. 
i)^f}^^^miti^tiimm<Dmm^mizm-r^, 

[0 0 0 2] 

mM<Dmm'i m-m.mffimmm\z^i'^Tmnmmm<Di& 

mii^m:ff7.m]iim<Di&mii^miL^it^tiii>iz\t. m 
mtrnM-^^^^M't^'D^mit (a/f) ^jKmmizm 

^^mm.<p<Dmmm&:sntMmii7.mm\zfb:i::'it.mn-mm 

[0 0 0 3] ±i^^*^,it-t>iJ-®m;^tcX-^*<^*¥.it7 
e>. 3ll^»*i*«lliJbT3fl^SflE?&«S-r-5CtlCj; 

[0 0 0 4] ^mit±>-^<D@immm^ff 

«iiJA«, !f#M¥8 - 2 7 1 4 7 5^iiS«. mm^:t> 

MWS:ffl3^bTV»«. 
[0 0 0 5] 

[f65g*«fi¥ftbJ:5tT-5S6S] b*^b;5:75«6. SSRJt 
-lr>-y-S:?iJ«-r.5:§^, -fe^-y-^^^STMabbtB^bSSiESr 
«ltiiTSir>-9-*ff^l))IlIgS^. •fe>tJ-*#:2rtini^bT 

1!jIhI8S5&«, i:>1J-3^fltlCY:riSibTSitt6.n-5fc*. -Ir> 
[0 0 0 6] *5E?^®BW«. ffi«R 

[0 0 0 7] 

[^a*<??*-rsfc*©^©] ±iBsw^»EK-rsfc«6 
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[0 0 0 81 ^fc. if%m\z^n\-s.. t^^mmm^^^ 

[0 0 0 9] *^?qiCJ;n«. WfE^j^.lt-fe>-y- 

IBm 1 <D^m.ii t) /JN$ < 2 ©Sipfit J; 0 t>:^c€r 
[0 0 10] Sfc. 2(:fB?gfC«tn«> miBSitl^^lgr^g 
«rlBSg2©Siptt±0:*:^Vit^C. WIBt-^' 

[0 0 11] *^gg{Ccfcn«> wiEiSiitw^ff^a 

MIB^^OK-^^^X*^. WtBmiro^ififlStW 
IB^2 ©Sfptticratc^^^S ©SipfilJ; 0 . 

wssmicDSJpffliD/hsvitfrt. miBt-a' 
xttfl9fBt-^^^»)iHi8SJc»fi^*tfee tmmt^, 
[0 0 12] sfe. 2^»?gtcj;n«. mi^mmm^m 

[0 0 13] sfe. *fgiiiw<j:n«. MiBSci^^ef^g 
wiBSj^it-tr>-y-*is:«sn^rt^«ii7&iT-i' f;1' 

[0 0 14] sfc. *%5g{cj:n«, mam'f-i >\i- 

lf-a^>X«imffl ©3fS5rit»*«Sa LfcflBE«r«rfB-lr > 

•5. 
[0 0 15] 

[0 0 16] ^T, SMJt-fe>itoKStC':3tiTSiig-r 

^. 0i«, ^mtspgitt'®^^ (02) mmt(Dm 
m&zs^mitiimm.'p<D-m<mm (co) itst^w 



[0 0 17] S2«. ^Mit-b:>1t®-;^^0iJ$r^-r»r 

0®i*geptriPiitT§§^$nTdgffl$n5>. ?gm-ir>ii- 

lOtt, :*:SiJLT, 3!7A— 11, ■fe^-y-*^:! SlSfcC^t 
-a' 1 8*^e.:Pj^$n^. :*7A'- 1 1 \i.mm:^^y:f^(D 

/h?L 1 2 A«}geESnTti«. 

[0 0 18] •ir>-y-*{*:i 3ic43v»T. u.m'smzm^ 
SfmiumffiBi 6*t@«$n^-;&, ^(Dff^mmizitiz 

sdtjg^anxvis. Hft^««¥g®i4«. **iig?g^ 

»C*l>Ttt, Zr02 (i?;l'r!-Tig^) »::CaO«* 

't&ii*^e.;i5:«.. 1 6R.u±^mnmm 1 7 

[0019] fc-^' 1 8 1 7 CIR# 

$nT*D. ^®5!l»x:^i;i/=^{CJ:oT-fe>-»J-2|s:<*:l 3 
^mmiy. v'Jl-n-T^^ 1 4^Stt<b-&lxJ6^. t- 
1 8 tt, - 1 4 ^Stt^b-rsrotr+^^i^ 

[0 0 2 0] S?;U=I-T*^ 1 4«. KfiSttttJgTSfl 

i^crzmm-i^> (02-) ©^i!is§i^e^:-€-5frs 

[0 0 2 1] H2tC^$nSJ;^{C, ■fc>-tJ-*fl:l 3tw 

1 7 <£iEffi14, S^^fflUmffiM 1 6 Sr^ 

^fflMMSl 6*^?.±ttffl!l®SMl 7-^.<i:^^-r:t> 

iE@*>6.. :^MfflJ«MBl7, @(t«<»S^l 4RC/SN 
1 6 SrtfrlxT, A-1'TX«JEag©ft«'vtS 

«IE^->£fiI£i±iC-rn«, fi^a'4'7!»^6J£tiC«^ei 5 
[0 0 2 2] -;5r> SPft3Sm*fJ •>5^<Dt#tc»4|lig 
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n^^mHmmmmi e^izmm-f-^ty (02-) 

jEiis*a^T, m§s.mmmmi 6^t:mmi!fimn^. ^ 
^mmmm 1 i-A^i^m^mmmm 1 e^st^Msn^^ 

3g-r=i-> (O2-) (D»(CJ:-3T*i^. ^e®Km'f::j-> 

6 ^t.w:WL\zi^-D-cmxT^-mitB^mf3:iio)^m:»7. 
t.mm.mmmmi6iz^i,^xs.it- mm) -r -a 

xSS^ras c tdtT^, m>T«S 1 izxWim Ufe 
[0 0 2 3] Sfc. »a^«KJt*«aift^Jt© 

mtmmmtttf3i-:>x\'^^tz!sf>. mm.mmi&m 1 e odm 

<^mzj:rni^m-^n^^^i^m^:^>^^^cfsi\^K se^ 
T, m^^mitam^^mitoiL^izii. ^^f^&mm. 

[0 0 2 4] ii^<VT. ^mit±:>-^<Dmm-mm. (v 

-I) 0 3tc^$n-£.J;p{c. ■k>U-*«BB$n 

3\z^\>^xii. wm\zwnt3im.mmmm^m^^&i. 
•euT. S3®#tt0icj;nii. B3Jn«JE*o. svg 

a[lrS3£-r*t, 1 2*iS 1 8 ^-CJCtJfc-S^JtSrtft 

[0 0 2 5] ia4*fflV»T. ^Mit«IUige© 

«ia3^®«. :>cS'JL.T, ^jl!!5]t-fe>-y-l 0. •fe>i?-*«: 
®WllHliiS2 0, t-^'IK»)lHlK3 OSC/^^'^^aLSSM 
(CPU) 4 0*^&«J«^cn«, ?g«Rjt-fe>-!J- 1 0 tt. 

02-eiffi?gbfcj;3Jc, ■t>-y-*«:i ssn^b-^^ 1 8 

<i/5^U 3 2<D«JE€rt— 1 8'v:j->- • :t7e?I»caJlnrr 
^lHieS-C*S. CPU4 0ti. 

mmm. (ecu) o^'isiLTi^.i^'ftitsop. ji^i/ci^aB 

S!lP^*ff5t>®TfeO, A/D^iftS (ADC) , D 
/ASllftS (DAC) SO:j5l^'JS:|*iS5LTViS. 



[0 0 2 6] -lr>-9-*fr^t&lHli^2 Ott, ^'cSiJL-T, D 
'y/'^T.y-fA^ (LPF) 2 1, ^1®«/£7*P'7 (v 
oltage follower) 2 2. Sip«m5!^lHlgS2 5X1/^^2 
©SBE7*a'7 2 6*^6«iJ^$n-5. LPF2 1tt, C 

p u 4 0 e. ffi^fj^n^ Ttj-D 

^10«£E7*0'7 2 2tt, 
(iS, 3 >:/iJ ^ U (complementary p 

ush-puii) mmmsf'&m^> ±>^^t^i 3(D±m.mn 

mmi 7 (DM&t:. LPF2 l<DI±};'3(7)«eti^— 

mzmm-r^o j^^, ^(ommt. ^muMmmizisf,^ 

X\t3. 3VT?*S. 

[0 0 2 7] ^fz. »^«ffi^^lHlgS2 -^«EE 
Vcc*5i-ffibT*«P«£E3. OV^m^^it^. 112© 
«JE7*a'7 2 6«» m©«JE7*a'7 2 2i:ra«© 
IiIgS;^)ES$r*L, -fe 1 3 CDSf^fl!l«ffiei 6 (D 

«fi:S»ifi«m3. OV{C«flJt-r-£.. Se^T, 35<SSit«l 

mmiizit. ■t.>-^:^if-i 3(Dmnmmwzo. 3v©« 
i^tc, mnmm^mi^vx}i:mm\zt>ft^^mit=s:i^ 
s*«mM«femtHiK2 3 tbT««ib> -^-wpfflswrnfi^di 

CPU4 0(C#ti^$nSJ:'5tC;S:oTVi^. CPU4 0 
«. e6iS§2 3©M>S©T^Dif«{5^A/D^^U, 
M®©«fit:MSr»tlib, ^®ltfiM<i:StriSg2 3 0iS*i 

[0 0 2 8] 0 3fcM-r^iJiigA^^S/S$nSJ;'5tC, 

mm^^vx^^^. -t-ji-t?. cpu4o«, «^tB$nfc 

[0 0 2 9] ^j8SJtS:<*lH-r«fcJe){ctt. KSR-f 

4SrflH4t«cjglCi^Jt-r^i£Jg7&«a&S. ^ 

osft!KS8tt> m^ms.t:—^m. m^it7 0 0° etc 
m-z>:Lnz^-z>xmw-sn^. tji^-c, m^mmt.^^ 

'f-m.ijit\t. m6\z^^n^j:of3i—&(Dfsmm^^m 

LTVi-5fcJ&, ^^iagSr7 0 0" CtC«Ofc8?)JC«, 

-^IKlljlHllISS 0$r7^'-hV\*';/i'ft!lffl!-r-5Ct{CJ: 
[0 0 3 0] 07 tt-t >-tJ-*# 1 3 ®«jg*^-rST» 

0, (A) ti»f®0. (B) imit^mmmi4(D^^tt. 

±mxSi^, S8tt, -fe^-tJ-^ft:! 3©^ffi|eIgS 

€:S^TS-C$>^, S8JC43tiT> R 1 «»JA«>';i':3 

-Tii^<m^@»m,mm<D/vii7&.^x$>o. 0 7 ©if 

Iz-rXgrain) S5fC?*jrr^. R2«, mt^MMmo^n 
#Sin;-CfeO, 0 7©i'k-1*>i^|?.(grain boundary) 
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C3it, mm^m<D^m^^-v$>^o z (w) \t. 

[0 0 3 1] 08*^e>t)*^-5J:^»tC, ■tr>-y-*«:i 3 

\z. gft3£iH« (03#M) \z$>^ms.^^m\^xmts 
fm-^ms.vitm'^. "ri+r2+r3" dtB^ta nigi 

T-5fc*. ^^gft "R1+R2" (D^^mmt^'lt: 
«-e#feVi. 03fC3^Sn«J;5lC> «©v3£E 

[0 0 3 2] S9tt. ^m^t±lffl©ittSt«J£ (0. 3 
V) {'3?atmi£S:«eUfc»^{C. ■?-©A:^32«E«ffi® 

Lifel/i. ■t>U-*{!f:©'f >fcf— ^^>XZtt, Z=R+j 

z tt, SS^Sc f *t 1 k H z ¥ti5.\zi5r:3< \z-onxm=f-t& 
m "R1+R2" twJR*-rS. 
[0 0 3 3] 0 1 0 «. X*55«£«m®^«» f t-f > 
t!-5^>;^Z®i»*#fi I Z I a:®H«?£^-r0Tfe-5. 
01 0*^S. ^SISl kHz~l OMHzTli I Z | 

"R 1 +R2" -efcO, 1 OMHz J;Di«Sfe{|i|-C 
ttl Z I tt«iJ>LTti€r, RHCJR*t-S2:t*«2M*. 
C®:itA^5,. ^^^Sta "R1+R2" Sr^ffl-r^fc* 
tea. lkHz~10MHz jfi*^SS L t *«^J 

[0 0 34] 01 1 (A) . (B) RIX (C) tt, LP 

F 2 \^<DxtsW£. LPF 2 i*ie.®ai:^mji-rifet> 

*>^mt±>^ 1 0 ©^afiOmffiS 1 T'N^WHlJjnmEE. 
RyfS«RJt-fe>U-l 0 ©massif, ®#feJi^*^T0T? 

S9^® J: 5 \z. mm.mmmm i e tt»2p«ffi 3 . oviz 

i»Utsn> 7«jl?ir0i 1 (B) \zm-S£ 

n^j;'5(c3. 3 vicimJtsnTVi-5fe». ^mit-t> 
^^i$.<Dmmmmiz\tm'^u^ns. 0 . 3 v*tg:josn 

[0 0 3 5] -^-L-T. cpu4o«. M'f-is.^^mi^-r 

■Sfc*. 011 (A) iZ^^n^JzoiZ. LPF2 1'v 

*«BE-r^*:>-^^^tfc-fe>-!t 1 0 <D±m.mnmm 
(owiaammt. mil (b) tc^^n-sjzptw. 



«SiEtt. 011 (C) \Zm^tl^J:o\ZAltci^^i\:t 
-tUT. AV/A Idim^'f >tf— y>XZ$#;^ 
^®Z»cS:^ViT06®<l*ttft*l*#Si-r«cii:»;: 

[0 0 3 6] ST, 04fC^SnS^«SJt«^ttlSSfCfe 

ViT«, ir>-!t*«:l 3X«-lr>1t**J:iKl!j|HlSS2 0® 
»ri®, ti-^'l 8Xttt-^'ffiftlHlSS3 0®»r^, t- 

5' 1 8 ®5i&ft;«®!ifcist*«5s^ u e. n> 

[0 0 3 7] ±.>-^^i$-l 3X«-fe>-y-:^#:^»)lHlgS2 

0 ®»r^d«5g* lyT^mzmm^mnysi <is.^ii\>^onL 

W\z-z>r,^xmtr^L. J:®»ritft*<5£^bfc«^tc«. 
J:m*«8K7&«0 lr;^-3TV»«®*v JWS'J'TSCltAtT^ 

(rfev»Ta:t;«8SE®aa&*s«-r-5*ffit>#^ sns 

C®J:5tt, S«RJt-lr>lJ-®tt85!|#ttSr5PJfflbX-fe>1i- 

1 3 x«-t >-y-*^^i!)iHiBS 2 0 ®»fits*«mi-r s 
[0 0 3 8] ^d-c. *^i^(4> «r^Lxfc3Sj^it-fe>-y- 

fflLTSS:B^»f*ffi3'5tVi'5fe®-CfcS. 011 
(B) mS- (C) tc^$nsj;p:/5:32SitAai;b!|#tttcS 

iiigS2 otr^fM^^fest^icti. mt!mm\tn\zo-r;& 

[0 0 3 9] Ld^fe. mai®J:5C, m^^-l'>fc!-^> 
^^SS«:5l*t-Sfe®TS-5fc*, t— 1 8 
3tttb-^'ffii!ilHlK3 0®WfiBS®^Ui^t:— 5^ 1 8®^ 

{b®«fem^few«gt-r^. 01 2«. ^I'flitt^^t^jc^s 

3 0 DgS®+^J-tC<g;ViffltSrM-rs. Sfc. ■feVit*^*: 

1 3X«-fe>-y-*#:®i&lHlgS2 0 lC»r^*«feS<i:#lw 

[0 0 4 0] ^fc, t-^' 1 8*^**{klxTV^^»^lw 

«, t-5'tc+^)-)i«UTfe. 3g^^SSttea;^«5 5 0 
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?s 3 0 \zmmi}^&^ t^tz\i. m^^mmr^o^itm^ 
:tjx<D^iif3i^rctb. ^^iasttti^aaas ooo 
" cmm.) *TU*»±s-&-r. m=F^>}i-y>7.it. 

[0 0 4 1] Vftifi-:>T. S 1 2 fC. 3 

iSS2 0®»fi». t-a' 1 8X«t-^'Bl&lHlBS3 0®»f 
[0 0 4 21 01 3tt, CPU4 0frJ:-DT— jt^PflM 

[0 0 4 3] XT^-y::/! 0 4-c«, xn-/h;i/i^S« 
[0 0 4 4] Xt^';/:/! 0 6Ttt, 0 1 1 SrfflViTttt^q 

10 8. 11 oRt^i 1 2-t?«. i^m^nitmj-^>\i 

— ^>XZ7&^ 01 2(r^sns3-r><D»^MZi . z 

[0 0 4 5]f^toS, Z^ZiT?a&n«. T.T'ylfl 
14\Zi3\,^TiE'Bizn^^n^o Zi<Z^Z2 

T<fen«, ;5^5"y:/i 1 6tc*5ViTfc— 1 8®5&{bi 
*iJ5t$n*. Z2 <z^Z3 Ta&n«. X5^y:/ 

118 {c43liT t— ^ 1 8 Xttk-^'KililllSS 3 0 (Dm 

2 o©»fiet*ij)esns. 

to 0 4 6] 



[0 3] ^«KJt-k>iJ-CDmiE-«8S#ttro— «9|*^-ri|# 

[04] :imm<D-nmS'm\z^^^'mm.^^^<Df\ 

[05] j*^^mtS«SJtir>-9-ai:^«8iEi:®Mf^S: 
[06] l!lTSS<i:^^ttcfii<i:©M#S^-r4#1401?» 
[0 7] •fe>1t*flJ©Sijt$:5^-r0T*-pT. (A) « 

»fiS0, (B) x-mwrnmrn-fD^^^-xw^tb^. 

[08] -fe>it*#:©^|5ISS&^T0-e*«). 
[09] ^Mlt:^mffi<9iS0!£@m(c£5-rdA:^^di£m 

«l81:S:^-r0-C»-5. 
[010] X*3S!8iE«ffi©^iS»:t3S^-f>t:-3^>X 

»}g*^-r0Tr*s. 

[012] sg^^-f >tr-^^>xcDi^iae<j«i^*«^-rs 

[013] CPUlrJ;-:>T*fTSIl«iSStB^BfJW-5^> 

I 0-^^Jt-fe>-y- (A/F-fe>i?-) 

I I — 

12-/h7L 

1 3--fe>-y-*#: 

1 4-@«c««¥«B (KSI-f:t>»«ifl^) 

1 5-S£«etag 
1 6-S^Si,#J«SB 

1 7 

18-t— 

2 o--b>iJ-*#isi!iiass 

2 1- - P— (LPF) 
2 2— ^l®«ffi7:i-n'7igK 
2 3-«SS^tlilHlSS 
2 5-*ipmj£5l^lHlgS 

2 6 — H 2 <D®ffi7* D '7lHlilS 

3 O-t-^'ffiKilHlK 

3 2— A-i/T-'J 

4 0— CPU 

9 0-|*gjlH!ttlM®Sp^« 
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(57) Abstract 



300**C. Three reference values Zl, Z2 and Z3 are set 
up and compared with an element impedance 
detection value, to thereby diagnose faults. 



PROBLEM TO BE SOLVED: To simply and accurately COPYRIGHT* (C)2000 JPO 
execute fault diagnosis v^hen the device is 
composed of an air-fuel ratio sensor and Its 
peripheral circuits. 



SOLUTION: The temperature of an oxygen ion 
conductive element in a sensor body is about 
700''C, and the element impedance becomes about 
30 Qat normal limes. When a wire is broken in the 
sensor body or In a sensor body drive circuit, the 
current becomes zero and the element impedance 
becomes an infinite value. When a heater 
deteriorates, the element temperature rises only up 
to about 550° C at the most, and the element 
impedance becomes about 150 O. When a wire Is 
broken In the heater or in a heater drive circuit, 
the element is heated only by exhaust gas, and 
therefore, the element temperature rises only up to 
about an exhaust gas temperature and the element 
impedance shows an impedance value 
correspondng to the element temperature of about 
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(54) AIR-FUEL RATIO DETECTION DEVICE 
(57)Abstract: 

PROBLEM TO BE SOLVED: To simply and accurately 
execute fault diagnosis when the device is composed of 
an air-fuel ratio sensor and its peripheral circuits. 
SOLUTION: The temperature of an oxygen ion 
conductive element in a sensor body is about 700''C, 
and the element impedance becomes about 30 Qat 
normal times. When a wire is broken in the sensor body 
or in a sensor body drive circuit, the current becomes 
zero and the element impedance becomes an infinite 
value. When a heater deteriorates, the element 
temperature rises only up to about 550°C at the most, 
and the element impedance becomes about 150 Q. 
When a wire is broken in the heater or in a heater drive 
circuit, the element is heated only by exhaust gas, and 

therefore, the element temperature rises only up to about an exhaust gas temperature and the 
element impedance shows an impedance value corresponding to the element temperature of 
about 300°C. Three reference values Z1 , Z2 and Z3 are set up and compared with an 
element impedance detection value, to thereby diagnose faults. 
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- * NOTICES* 

Japan Pa'tent: Office is not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 

precisely. 

2.**** shows the word which can not be translated. 
3 -In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] Air- fuel ratio detection equipnient characterized by providing the following The air- fuel ratio 
sensor which has the main part of a sensor made to generate the limiting current according to the oxygen 
density or unbumt gas concentration in detected gas with impression of voltage The main part drive 
circuit of a sensor which drives the aforementioned main part of a sensor the aforementioned main part 
of a sensor — alternating voltage — impressing — the aforementioned sensor book — an element 
impedance detection means to detect the element impedance of oxygen ion conductive element in the 
living body A troubleshooting means to perform the judgment of the existence of failure, and a 
diagnosis of failure based on the element impedance detected by the aforementioned element impedance 
detection means 

[Claim 2] It is air- fuel ratio detection equipment according to claim 1 diagnosed as the aforementioned 
troubleshooting means having an open circuit in the aforementioned main part of a sensor, or the 
aforementioned main part drive circuit of a sensor when the aforementioned element impedance is 
accepted to be larger than the 1st reference value and to be infinite. 

[Claim 3] It is air-fuel ratio detection equipment according to claim 1 which the aforementioned air-fuel 
ratio sensor is equipped with the heater which the aforementioned main part of a sensor heats [ heater ] 
and makes the aforementioned oxygen ion conductive element activate, and this air-fuel ratio detection 
equipment possesses further the heater drive circuit which drives the aforementioned heater, and 
diagnoses as the aforementioned troubleshooting means having abnormalities in the aforementioned 
heater or the aforementioned heater drive circuit when the aforementioned element impedance is small 
than the 1 st reference value of the above and large than the 2nd reference value. 

[Claim 4] The aforementioned troubleshooting means is air- fuel ratio detection equipment according to 
claim 3 diagnosed as the aforementioned heater having deteriorated when it is smaller than the 3rd 
reference value between the 1st reference value of the above, and the 2nd reference value of the above 
and the aforementioned element impedance is larger than the 2nd reference value of the above. 
[Claim 5] It is air-fuel ratio detection equipment according to claim 3 diagnosed as the aforementioned 
troubleshooting means having an open circuit in the aforementioned heater or the aforementioned heater 
drive circuit when it is larger than the 3rd reference value between the 1st reference value of the above, 
and the 2nd reference value of the above and the aforementioned element impedance is smaller than the 
1st reference value of the above. 

[Claim 6] The aforementioned troubleshooting means is air-fuel ratio detection equipment given in any 
1 term from a claim 1 to a claim 5 which diagnoses when the aforementioned oxygen ion conductive 
element is in an active state. 

[Claim 7] The aforementioned troubleshooting means is air-fuel ratio detection equipment given in any 
1 term from a claim 1 to a claim 6 which diagnoses when the internal combustion engine with which the 
aforementioned air-fuel ratio sensor is carried is in an idle state. 

[Claim 8] The aforementioned element impedance detection means is air- fuel ratio detection equipment 
given in any 1 term from a claim 1 to a claim 7 which detects an element impedance by impressing the 



http://www4.ipdl jpo.go.jp/cgi-bin/tran_web_cgi_ejje?u=http%3A%2F%2Fwww6.ipdl.jp..^ 11/14/2003 



Page 2 of 2 



" voltage which the alternating current component for element impedance detection superimposed on the 
dc component for air- fuel ratio detection to the aforementioned main part of a sensor, and measuring the 
alternating current component of the output current of the aforementioned air-fuel ratio sensor. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[The technical field to which invention belongs] this invention relates to a detail more at troubleshooting 
of this air-fuel ratio detection equipment about the air-fuel ratio detection equipment which used the 
limiting current formula air- fuel ratio sensor. 
[0002] 

[Description of the Prior Art] In order to reconcile reduction of specific fuel consumption, and reduction 
of a harmful-gas discharge in the internal combustion engine for mount, it is necessary to control 
broadly the air-fuel ratio (A/F) of the gaseous mixture which an engine bums. In order to make such 
AFC possible, an air lateral electrode, an exhaust side electrode, and an exhaust side diffused-resistor 
object are formed in oxygen ion conductive element, such as a zirconia solid electrolyte, it considers as 
the main part of a sensor, the air- fuel ratio sensor (called an all-over-the-districts air-fuel ratio sensor, a 
linear air-fuel ratio sensor, etc.) using the limiting current according to the oxygen density or unbumt 
gas concentration under exhaust air arising with the voltage impression to the main part of a sensor is 
put in practical use, and feedback control based on the output of this air- fuel ratio sensor is performed. 
[0003] When performing air-fuel ratio feedback control based on the output of an all-over-the-districts 
air- fuel ratio sensor, it is indispensable to maintain oxygen ion conductive element to an active state. 
Therefore, control which heats an element using a heater and maintains element temperature at a fixed 
value is performed. Although it is necessary to detect element temperature in that case, since element 
resistance has element temperature and a correlation, the need for a temperature sensor is eliminated by 
detecting element resistance and presuming element temperature. 

[0004] On the other hand, troubleshooting of an air- fuel ratio sensor is performed, and it becomes 
indispensable conditions to take a measure quickly, when [ that ] abnormal, when using this air- fuel 
ratio sensor. The technology judged as JP,8-271475,A having abnormalities in oxygen ion conductive 
element there when element resistance of oxygen ion conductive element is detected and there is no 
element resistance in predetermined within the limits is indicated. 
[0005] 

[Problem(s) to be Solved by the Invention] However, since the main part drive circuit of a sensor which 
drives the main part of a sensor and detects the output current, and the heater which the main part of a 
sensor is heated [ heater ] and makes oxygen ion conductive element activate and its drive circuit are 
prepared along with the main part of a sensor when using an air- fuel ratio sensor, it is necessary to take 
into consideration also about an open circuit of an open circuit of the main part drive circuit of a sensor, 
a heater, or a heater drive circuit, and degradation of a heater. 

[0006] The purpose of this invention is in view of this actual condition to offer what is air- fuel ratio 
detection equipment which consists of an air-fuel ratio sensor and its circumference circuit, and can 
perform troubleshooting simply and correctly. 
[0007] 

[Means for Solving the Problem] The air-fuel ratio sensor which has the main part of a sensor made to 
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" generate the limiting current according to the oxygen density or iinbumt gas concentration in detected 
gas with impression of voltage according to this invention in order to attain the above-mentioned 
purpose, the main part drive circuit of a sensor which drives the aforementioned main part of a sensor, 
and the aforementioned main part of a sensor — alternating voltage — impressing — the aforementioned 
sensor book — with an element impedance detection means to detect the element impedance of oxygen 
ion conductive element in the living body The air- fuel ratio detection equipment possessing a 
troubleshooting means to perform the judgment of the existence of failure and a diagnosis of failure 
based on the element impedance detected by the aforementioned element impedance detection means is 
offered. 

[0008] Moreover, according to this invention, it is diagnosed that the aforementioned troubleshooting 
means has an open circuit in the aforementioned main part of a sensor, or the aforementioned main part 
drive circuit of a sensor when the aforementioned element impedance is accepted to be larger than the 
1st reference value and to be infinite. 

[0009] Moreover, it has the heater which the aforementioned air- fuel ratio sensor heats [ heater ] the 
aforementioned main part of a sensor, and makes the aforementioned oxygen ion conductive element 
activate according to this invention, this air-fuel ratio detection equipment possesses further the heater 
drive circuit which drives the aforementioned heater, and it diagnoses that the aforementioned 
troubleshooting means has abnormalities in the aforementioned heater or the aforementioned heater 
drive circuit when the aforementioned element impedance is small than the 1st reference value of the 
above and large than the 2nd reference value. 

[0010] Moreover, according to this invention, when the aforementioned troubleshooting means is 
smaller than the 3rd reference value between the 1st reference value of the above, and the 2nd reference 
value of the above and is larger than the 2nd reference value of the above, it is diagnosed that the 
aforementioned heater has deteriorated. [ of the aforementioned element impedance ] 
[00 11] Moreover, according to this invention, it is diagnosed that the aforementioned troubleshooting 
means has an open circuit in the aforementioned heater or the aforementioned heater drive circuit when 
it is larger than the 3rd reference value between the 1st reference value of the above, and the 2nd 
reference value of the above and the aforementioned element impedance is smaller than the 1st reference 
value of the above. 

[0012] Moreover, according to this invention, the aforementioned troubleshooting means diagnoses, 
when the aforementioned oxygen ion conductive element is in an active state, 

[0013] Moreover, according to this invention, the aforementioned troubleshooting means diagnoses, 
when the internal combustion engine with which the aforementioned air-fiiel ratio sensor is carried is in 
an idle state. 

[0014] Moreover, according to this invention, the aforementioned element impedance detection means 
impresses the voltage which the alternating current component for element impedance detection 
superimposed on the dc component for air- fuel ratio detection to the aforementioned main part of a 
sensor, and detects an element impedance by measuring the alternating current component of the output 
current of the aforementioned air-fiiel ratio sensor. 
[0015] 

[Embodiments of the Invention] Hereafter, the operation gestalt of this invention is explained with 
reference to an accompanying drawing. 

[0016] First, the principle of an air- fuel ratio sensor is explained. Drawing 1 is the property view 
showing the relation betsveen an air-fuel ratio and the oxygen (02) concentration under exhaust air, and 
the relation between an air-fiiel ratio and the carbon monoxide (CO) concentration under exhaust air. If 
it is in a rich air-fuel ratio field while 02 concentration changes to a linear mostly to an air-fuel ratio if it 
is in a RIN air-fiiel ratio field as shown in this drawing, CO concentration which is a unbumt gas 
changes to a linear mostly to an air-fiiel ratio. An air-fiiel ratio sensor uses this property so that it may 
mention later. 

[0017] Drawing 2 is the cross section showing the example of 1 composition of an air-fuel ratio sensor. 
It is used for the air- fuel ratio sensor 10 towards the interior of the exhaust pipe 90 of an internal 
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combustion engine, protruding. The air- fuel ratio sensor 10 is divided roughly, and consists of covering 
1 1, a main part 1 3 of a sensor, and a heater 18. Covering 1 1 has a cross-section cup-like configuration, 
and the stoma 1 2 of a large number which open the inside and outside of covering for fi-ee passage is 
formed in the peripheral wall. 

[0018] In the main part 13 of a sensor, while the exhaust side electrode layer 16 fixes to the outside 
surface of the oxygen ion conductivity solid electrolyte layer 14 formed in the shape of a test tube, the 
air lateral-electrode layer 17 has fixed to the internal surface. Moreover, the diffused-resistor layer 15 is 
formed in the outside of the exhaust side electrode layer 16 by the plasma metal spray method etc. The 
solid electrolyte layer 14 consists of an oxygen ion conductivity oxide sintered compact which made 
CaO etc. dissolve as a stabilizer to Zr02 (zirconia element) in this operation gestalt. The diffused- 
resistor layer 15 consists of heat-resistant mineral matters, such as an alumina. The exhaust side 
electrode layer 1 6 and the air lateral-electrode layer 17 both consist of noble metals with the high 
catalytic activity of platinum etc., and porous chemical plating etc. is performed to the fi-ont face. 
[0019] The heater 18 is held in the air lateral-electrode layer 17, heats the main part 13 of a sensor, and 
makes the zirconia element 14 activate by the exoergic energy. The heater 18 has sufficient exoergic 
capacity to activate the zirconia element 14. 

[0020] The zirconia element 14 has the property (oxygen-cell property) which lets oxygen ion (02-) 
pass from a side with high concentration to a low side, when an oxygen density difference arises to 
element ends in an elevated-temperature active state. Moreover, the zirconia element 14 has from 
cathode the property (oxygen-pumping property) which is going to cause movement of oxygen ion (02- 
) according to the potential difference towards an anode plate, when the potential difference is given to 
the ends. 

[0021] As shown in drawing 2 , the fixed bias voltage made into negative polarity is impressed [ layer / 
exhaust side electrode 7 16/ straight polarity and ] to the main part 13 of a sensor in the air lateral- 
electrode layer 1 7. When an exhaust air air-fiiel ratio is RIN, movement of oxygen ion (02-) takes place 
from the exhaust side electrode layer 16 to the air lateral-electrode layer 17 with an oxygen-pumping 
property. Consequently, cxurent flows from the positive electrode of the source of bias voltage to the 
negative electrode of the source of bias voltage through the air lateral-electrode layer 17, the solid 
electrolyte layer 14, and the exhaust side electrode layer 16. The size of the current which flows at this 
time is equivalent to the amount of oxygen which flows into the exhaust side electrode layer 16 by 
diffusion through the diffused-resistor layer 15 out of exhaust air, if bias voltage is carried out more than 
constant value. Thereforei, if the size of this limiting current is detected, as an oxygen density can be 
known, as a result drav^ing 1 explained, the air-fiiel ratio in a RIN field can be known. 
[0022] On the other hand, when an exhaust air air-fiiel ratio is rich, an oxygen-cell property tends to 
work, and this oxygen-cell property tends to cause movement of oxygen ion (02-) from the air lateral- 
electrode layer 17 to the exhaust side electrode layer 16. That is, an oxygen-cell property acts on bias 
voltage and a retrose. Since it consists of air-fiiel ratio sensors so that the electromotive force by the 
oxygen-cell property may overcome bias voltage, from the air lateral-electrode layer 17, it passes along 
the source of bias voltage, and current flows to the exhaust side electrode layer 16. The size of the 
current which flows at this time is decided by the amount of the oxygen ion (02-) to which the inside of 
the solid electrolyte layer 14 is transported from the air lateral-electrode layer 17 in the exhaust side 
electrode layer 1 6. Since the oxygen ion is what reacts in a unbumt gas and the exhaust side electrode 
layers 16, such as a carbon monoxide which flows into the exhaust side electrode layer 16 by diffusion 
through the diffused-resistor layer 15 out of exhaust air, (combustion), the amount of oxygen ionic 
migration is equivalent to the concentration of a imbumt gas. Therefore, if the size of this limiting 
current is detected, as imbumt gas concentration can be known, as a result drawing 1 explained, the air- 
fiiel ratio in a rich field can be known. 

[0023] Moreover, since the amount of the oxygen which flows into the exhaust side electrode layer 16, 
and a unbumt gas serves as a chemical equivalent ratio when an exhaust air air-fiiel ratio is theoretical 
air fiiel ratio, both bum completely by the catalysis of the exhaust side electrode layer 16, and in the 
exhaust side electrode layer 16, since oxygen is lost, the oxygen ion which should be transported with an 
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oxygen-cell property and an oxygen-pumping property does not arise. Therefore, when an exhaust air 
air- fuel ratio is theoretical air fuel ratio, current does not flow the inside of a circuit. 
[0024] In this way, the voltage-current (V-I) property of an air- fuel ratio sensor shows the limiting 
current according to the air- fuel ratio (A/F) of the exhaust air to which a sensor is exposed, as shown in 
drawing 3 . In drawing 3 , the amount of bay parallel to V shaft expresses the limiting current And in a 
RIN field and a rich field, the absolute value of the limiting current becomes large, so that an air- fuel 
ratio becomes small, if it is in a rich field so that the sense to which the limiting current flows is reverse, 
and an air- fuel ratio becomes large, if it is in a RIN field. And according to the property view of drawin g 
3 , if applied voltage is set as about 0.3 V, the air- fuel ratio covered by 12-18 is detectable. In addition, 
the voltage region smaller than a part for the bay which shows the limiting current is a resistance-control 
region. 

[0025] Subsequently, an example of the hardware composition of air-fuel ratio detection equipment is 
explained using drav^ng 4 . This air-fuel ratio detection equipment is divided roughly, and consists of 
the air-fuel ratio sensor 10, a main part drive circuit 20 of a sensor, a heater drive circuit 30, and a 
central processing unit (CPU) 40. The air-fuel ratio sensor 10 is equipped with the main part 13 of a 
sensor, and a heater 1 8 as drawing 2 explained. Moreover, the heater drive circuit 30 is a circuit which 
impresses the voltage of a battery 32 in tuming on and off to a heater 18 in response to a duty ratio 
signal according to the duty ratio. Moreover, CPU40 performs fuel-injection control, ignition-timing 
control, etc. as a center of the electronic control (ECU) of an intemal combustion engine, and builds in 
an A/D converter (ADC), a D/A converter (DAC), and memory. 

[0026] The main part drive circuit 20 of a sensor is divided roughly, and consists of a low pass filter 
(LPF) 21, the 1st voltage follower (voltage follower) 22, a reference voltage generating circuit 25, and 
the 2nd voltage follower 26. LPF21 removes the hi^ frequency component of the analog signal 
outputted from CPU40. The 1st voltage follower 22 is an operational amplifier and a complementary 
push pull (complementary push-pull). It has amplifier etc. and the potential of the air lateral-electrode 
layer 17 of the main part 13 of a sensor is maintained to the same potential as the potential of the output 
of LPF21. In addition, the potential is 3.3V at the time of air-fuel ratio detection. 

[0027] Moreover, the reference voltage generating circuit 25 pressures the fixed voltage VCC partially, 
and generates reference voltage 3.0V. The 2nd voltage follower 26 has the same circuitry as the 1st 
voltage follower 22, and maintains the potential of the exhaust side electrode layer 16 of the main part 
13 of a sensor to reference voltage 3.0V. Therefore, at the time of air- fuel ratio detection, the voltage of 
0.3 V will be impressed between the two-electrodes layers of the main part 13 of a sensor, and as the 
property view of drawing 3 explained, an air- fuel ratio measures the limiting current and far-reaching 
can be detected. The resistor in the 1st voltage follower 22 functions as a current detector 23, and the 
potential of the ends is supplied to CPU40. CPU40 carries out A/D conversion of the analog potential of 
the ends of a resistor 23, computes the potential difference of ends, and computes current fi"om the 
potential difference and resistance of a resistor 23. 

[0028] It has the **** relation indicated to be the current value computed and an exhaust air air-fuel 
ratio to dravying 5 so that I may be imderstood from the explanation about drawing 3 . Then, CPU40 can 
detect an exhaust air air- fuel ratio based on the detected current value, as a result can realize air- fuel 
ratio feedback control. 

[0029] Now, in order to detect an air- fuel ratio, it is necessary to maintain the oxygen ion conductive 
element 14 to an active state. The active state is maintained by maintaining element temperature at 
constant value, for example, 700 degreeC. By the way, since it has the fixed correlation as indicated to 
be element temperature and element resistance to dravvdng 6 , in order to maintain element temperature 
at 700 degreeC, element resistance should just show 30 ohms. Therefore, control which maintains an 
element active state is performed by detecting element resistance and carrying out feedback control of 
the heater drive circuit 30 based on the resistance detected. 

[0030] Drawing 7 is drawdng showing the structure of the main part 13 of a sensor, (A) is a cross section 
and (B) is the elements on larger scale of a solid electrolyte 14. Moreover, drawing 8 is drawing 
showing the equal circuit of the main part 13 of a sensor. It is the bulk resistor of the solid electrolyte 
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which Rl becomes from a zirconia in drawing 8 , and is the grain (grain) of drawing 7 . It corresponds to 
the section. R2 is grain-boundary resistance of a soUd electrolyte, and corresponds to the grain boundary 
(grain boundary) section of drawing 7 . R3 is the interfacial resistance of the electrode which consists of 
platinum. C2 is the capacity component of the grain boimdary of a solid electrolyte. C3 is the capacity 
component of an electrode interface. Z (W) is a part for the impedance produced in order that interface 
concentration may change periodically, when polarization by altemating current happens (WARU bull 
impedance). 

[003 1] When the voltage in a resistance-control region (refer to drawing 3 ) is impressed to the main part 
13 of a sensor and the output current is measured so that drawing 8 may show, "RH-R2+R3" becomes 
detectable. However, since R3 changes with degradation of an electrode etc. a lot, it cannot extract 
element resistance "R1+R2." And as shown in drawing 3 , since a resistance-control region changes 
according to an air-fuel ratio, it is very difficult [ it ] to detect element resistance with the direct-current 
property of the main part of a sensor. Then, the element resistance detecting method for having used the 
altemating current property is proposed. 

[0032] Drawing 9 is drawing showing tracing which the impedance of the main part of a sensor draws 
according to change of the frequency f of the input altemating voltage when altemating voltage is 
superimposed on the direct current voltage for air-fuel ratio detection (0.3V), a horizontal axis shows the 
real part R of an impedance Z, and a vertical axis shows imaginary part X. This tracing is not dependent 
on an air-fuel ratio. The impedance Z of the main part of a sensor is expressed with Z=R+jX. As shown 
in drawing 9 , an impedance Z is converged on element resistance "R1+R2" as frequency f approaches 
near IkHz. 

[0033] Drawing 10 is drawing showing the relation between the frequency f of input altemating voltage, 
and absolute value |Z| of an impedance Z. On the frequency of IkHz - lOMHz, |Z| is "R1+R2" mostly, 
|Z| decreases by the RF side from lOMHz, and drawing 10 shows converging on Rl. This shows that 
near IkHz - lOMHz is desirable, in order to detect element resistance "RH-R2." 

[0034] Drawing 11 (A), (B), and (C) are drawings showing each wave of the input voltage to LPF21 , the 
output voltage from LPF21, i.e., the applied voltage to the air lateral-electrode layer 17 of the air-fiiel 
ratio sensor 10, and output current ** of the air- fuel ratio sensor 10. A horizontal axis shows time and a 
vertical axis expresses voltage or current. As mentioned above, the exhaust side electrode layer 16 is 
maintained by reference voltage 3.0V, and since the air lateral-electrode layer 17 is maintained by 3.3V 
as usually shown in drawing 1 1 (B), between the two electrodes of the main part of an air- fuel ratio 
sensor, direct-current- voltage 0.3V will usually be impressed. The output direct current to this input 
direct current voltage expresses the air-fiiel ratio. 

[0035] And in order that CPU40 may measure element resistance, as shown in drawing 1 1 (A), only 
deltaV changes the input voltage to LPF21. The output voltage from LPF21, i.e., the applied voltage to 
the air lateral-electrode layer 17 of the air-fiiel ratio sensor 10, becomes what the altemating- voltage 
pulse of the annealed wave which mainly consists of a specific frequency component (for example, 
5kHz) superimposed on direct-current- voltage 3.3V, as shown in drawing 11 (B). Corresponding to this 
alternating-voltage pulse, as the output current is shown in drawing 1 1 (C), only deltal changes. And 
delta V/delta I gives the element impedance Z. Element temperature is detected by referring to the 
characteristic curve of drawing 6 based on the Z. In addition, it is for making electric discharge of the 
charge accumulated at a capacity component quicken to change applied voltage to positive/negative both 
sides. 

[0036] Now, in the air-fiiel ratio detection equipment shown in drawing 4 , it is important it to be 
thought for that failure of an open circuit of an open circuit of the main part 1 3 of a sensor or the main 
part drive circuit 20 of a sensor, a heater 1 8, or the heater drive circuit 30, degradation of a heater 1 8, 
etc. may occur, and to detect those abnormalities simply and correctly ; 

[0037] when failure that an open circuit of the main part 13 of a sensor or the main part drive circuit 20 
of a sensor would occur, and current would not flow in a circuit was considered and this open circuit 
occurs, the exhaust air air-fiael ratio is theoretical air fuel ratio actually, and the output current has 
become 0 — or since the open circuit has occurred, the output current caimot distinguish whether it is 0 
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' In the field which is carrying out feedback control especially of the air-ftiel ratio to theoretical air fuel 
ratio, this distinction is difficult. Moreover, although how to supervise change of the output current in 
air-fuel ratio regulatory region which the output current generates to some extent is also considered, 
there are problems, such as a detection error, individual differences, aging, and a noise, and a setup of a 
threshold is difficult and is not necessarily easy. Thus, detecting an open circuit of the main part 13 of a 
sensor or the main part drive circuit 20 of a sensor using the direct-current property of an air-fuel ratio 
sensor has many troubles. 

[0038] Then, this invention intends to perform troubleshooting using the altemating current property, 
i.e., the element impedance mentioned above, of the air-fuel ratio sensor mentioned above, and there is. 
The element impedance measured based on altemating cunent input-output behavioral characteristics as 
shown in drawing UJL (B) and (G) is not influenced of an air-fiiel ratio. And when the main part 1 3 of a 
sensor or the main part drive circuit 20 of a sensor has an open circuit, the output current is always 0, 
and since it is changeless, an impedance calculation result becomes infinite and it can detect an open 
circuit easily. 

[0039] And as mentioned above, since an element impedance is a thing reflecting element temperature, 
it also enables detection of an open circuit of a heater 18 or the heater drive circuit 30, and detection of 
degradation of a heater 18. Drawing 12 is drawing which illustrates time transition of the element 
impedance in an element active state. Since element temperature is near 700 degreeC at the time of 
normal, it is a curve GO. An element impedance presents the value of about 30ohms low enough so that 
it may be shown. Moreover, the element impedance measured when the main part 13 of a sensor or the 
main part drive circuit 20 of a sensor has an open circuit is a curve C3. It becomes an infinite value so 
that it may be shown. 

[0040] Moreover, when the heater 1 8 has deteriorated, even if it energizes enough at a heater, element 
temperature rises only to about [ 550 degrees ] C, consequently it is a curve CI. An element impedance 
shows the value of about 150ohms so that it may be shown. And since it becomes only exhaust gas to 
heat an element when a heater 18 or the heater drive circuit 30 has an open circuit, element temperature 
rises only to an exhaust-gas-temperature grade (about [ 300 degrees ] C), but an element impedance is a 
curve C2. The element impedance yalue equivalent to the element temperature C of 300 degrees will be 
shown so that it may be shown. 

[0041] Therefore, as shown in drawing 12 , it is three reference values (threshold) Zl, and Z2 and Z3. It 
can diagnose whether it is in an open circuit of an open circuit of the main part 13 of a sensor, or the 
main part drive circuit 20 of a sensor, a heater 18, or the heater drive circuit 30, degradation of a heater 
18, or which a normal state by preparing and checking the value of the element impedance detected with 
a reference value. 

[0042] Drawing 13 is a flow chart which shows the procedure of the troubleshooting routine performed 
by the fixed time period by CPU40. First, at Step 102, if there is nothing to an element active state while 
progressing to Step 104, if it is judged whether it is in an element active state based on the elapsed time 
after starting etc. and it is in an element active state, this routine will be ended. In addition, if only an 
open circuit of the main part 13 of a sensor or the main part drive circuit 20 of a sensor is detected, the 
judgment of an element active state is unnecessary. 

[0043] At Step 104, if there is nothing to an idle state while progressing to Step 106, if it is judged 
whether an internal combustion engine is in an idle state based on a throttle close-by-pass-bulb- 
completely signal, a vehicle speed signal, etc. and it is in an idle state, this routine will be ended. If this 
step is in an idle state, it will not be indispensable conditions in consideration of the temperature of the 
exhaust air which is an element which heats an element being stabilized, and the precision of 
troubleshooting improving. 

[0044] At Step 106, as explained using drawing 1 1 , the element impedance Z is detected by being made 
for an altemating- voltage pulse to be overlapped on input direct current voltage^ and measuring an 
output altemating current pulse. Subsequently, three reference values Zl with which the detected 
element impedance Z is shown in drawing 12 at Steps 108, 110, and 112 and Z2 And Z3 
Troubleshooting is performed by being compared. 
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[0045] namely, Z<=Z1 it is ~ if — in Step 1 14, it is judged with it being normal moreover, Zl <Z<=Z2 it 
is — if — in Step 1 16, it is judged with degradation of a heater 18 moreover, Z2 <Z<=Z3 it is — if — in 
Step 1 18, it is judged with an open circuit of a heater 18 or the heater drive circuit 30 Furthermore, if it 
is Z3 <Z, in Step 120, it will be judged with an open circuit of the main part 13 of a sensor, or the main 
part drive circuit 20 of a sensor. 
[0046] 

[Effect of the Invention] As explained above, according to this invention, it is effective in becoming 
possible to perform troubleshooting simply and correctly in the air-fuel ratio detection equipment which 
consists of an air- fuel ratio sensor and its circumference circuit. 



[Translation done.] 
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